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Figure 6 
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Figure 7 



CYP97A3(Arabidopsis) single knockout mutant (SALK_1 16660) 
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Phylogenetic tree 

(Neighbor-joining tree with p-distance, Pairwise deletion method was used. Arabidop 
CYP97B is an outgroup.) 
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Figure 1 1 
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Phylogenetic tree 

(Neighbor-joining tree with p-distance, Pairwise deletion method was used. Arabidopsis 
CYP97B is an outgroup.) 



Figure 12 





Arabidopsis Transformation Construct 



Table 1. p-Xanthophyll production and p-ring hydroxylation in 
leaf tissue of wild type and carotenoid hydroxylase mutants* 



Genotype 


P-Xanthophylls' 


Hydroxylated p-rings* 


Ws 


54.0 ± 2.7 a§ 


48.5±1.0 a 


Col 


60.7 ± 7.6 a 


48.7 ± 0.9 a 


67 62 


20.5 ± 4.8 b 


40.2 ± 1.4 b 


Iut1-2b1 b2 


26.5 ± 3.4 b 


33.6 ± 2.4 C 


Iut1-3b1 b2 


28.3 ± 4.6 b 


31.1 ±1.2° 



. mo. vaiuicnuwo «cic cAUducu iiuih uve-weeK-oio pianis ana 
quantified by HPLC as previously described (Tian et al., 2003). 

* p-xanthophylls are the sum of zeaxanthin, antheraxanthin, 
violaxanthin, and neoxanthin as mmol pigment/ mol chlorophyll a + 6. 

* Data are given as percentage of total ring hydroxylation. 

5 All values are means ± SD (n = 6). Values marked with the same 
letters are not significantly different from each other within a column 
(Student's / test, P > 0.05). 
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□ Wild type(Ws) 

■ CYP97C1 knockout 



The ant and zea levels 
within cyp97c1 are the 
percentage of wild type 
violazanthin. The zei of 
cyp97c1 is the percentage of 
wild type lutein. 



VIO 



ant zea neo lut zei B-carotene 



Neoxanthin level is not significantly different between wild 
type and CYP97C1 knockout (/?>0.05) 

Student t-test (two-tails) 




vio ant zea f neo \ lut zei R- carotene 

Ws/cvd97c1 0.007098 0.001631 0.00604 Vl 1 145# 9.22469E-05 0.00153 0.04776516 



Figure 15 
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ant zea neo 



lut 
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Student t-test (t wo-ta ils) 



Col/cyp97a3 




zea neo lut zei 

n/a 0.01116 0.03972875 n/a 



carotene 

0 . 009973 



violazanthin level is not significantly different between wild 
type and CYP97C1 knockout (p>0.05) 



Figure 16 




The ant level of cyp97cl is the 
percentage of wild type 
violazanthin. The zei of 
cyp97cl is the percentage of 
wild type lutein. 



VIO 



ant zea neo 



Student t-test (two-tails) 

vio ant 
Ws/blb2cyp97cl 0.0076 0.0041 



lut zei B-carotene 

n Wild type (Ws) 

m blb2CYP97Cl triple knockout 



zea neo lut 

n/a 0.0141 0.001563 



zei ^-carotene 

0.0068 0.032631 



Figure 17 
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Fig. 18 

SEQ ID NO: 1: CYP97C Arabidopsis thai i ana: 

LQPYAEDGSAVNMEAKFSQMTLDVIGLSLFNYNFDSLTTDSPVIEAVYTALKEAELRSTDLLPYWKIDALC 

KIVPRQ 

SEQ ID NO: 2: CYP97A Arabidopsis thaliana: 

LDAAAIjKGEEVEMESLFSRLTLDIIGKAVFNYDFDSLTNDTGVIEAVYTVLREAEDRSVSPIPVWDIPIWK 

DISPRQ 

SEQ ID NO: 3: CYP97B Arabidopsis thaliana: 

EKLIREKETSSGEDTIELDLEAEFSSLALDIIGLSVFNYDFGSVTKESPVIKAVYGTLFEAEHRSTFYFPY 

WNFPPARWIVPRQ 



Figure 19a 

SEQ ID NO: 4: LUT1 Arabidopsis thaliana (CYP97C1) : 

MESSLFSPSSSSYSSLFTAKPTRLLSPKPKFTFSIRSSIEKPKPKLETNSSKSQSWVSPDWLTTLTRTLSS 
GKNDESGIPIANAKLDDVADLLGGALFLPLYKWMNEYGPIYRLAAGPRNFVIVSDPAIAKHVLRNYPKYAK 
GLVAEVSEFLFGSGFAIAEGPLWTARRRAWPSLHRRYLSVIVERVFCKCAERLVEKLQPYAEDGSAVNME 
AKFSQMTLDVIGLSLFNYNFDSLTTDSPVIEAVYTALKEAELRSTDLLPYWKIDALCKIVPRQVKAEKAVT 
LIRETVEDLIAKCKEIVEREGERINDEEYVNDADPSILRFLLASREEVSSVQLRDDLLSMLVAGHETTGSV 
LTWTLYLLS KNS S ALRKAQEEVDRVLEGRNPAFED I KELKYI TRCINESMRLYPHPPVL IRRAQVPD I LPG 
NYKVNTGQDIMISVYNIHRSSEVWEKAEEFLPERFDIDGAIPNETNTDFKFIPFSGGPRKCVGDQFALMEA 
IVALAVFLQRLNVELVPDQTISMTTGATIHTTNGLYMKVSQR 

SEQ ID NO: 5: LUT1 Arabidopsis thaliana (CYP97C1) : 

atggagtcttcactcttttctccatcttcctcttcttactcttctctcttcactgcaaaacctacgcgtct 
tttatcaccaaaacccaaattcacattctccatcagatcctccattgagaaacccaaacccaaactcgaga 
ccaattcatcgaaatcccaatcatgggtcagtcccgattggctcacaacactcactcgtaccctttcctca 
ggaaaaaacgacgagtcaggtataccaatcgcgaacgcgaagctcgacgatgtcgctgatctcctcggagg 
tgctctcttcttacctctctacaaatggatgaatgagtacggacccatttaccgtctcgctgctggtcctc 
gtaatttcgtaattgtgagcgacccagcgatagctaaacatgttttgaggaattatccaaagtacgctaaa 
ggcttagtcgctgaagtctctgaatttctatttggttcgggtttcgctatcgctgaaggacctctttggac 
agtaatttcatctcctcctatctcaattttgaagtttttggaattgtggaagtaatgtgtgactgtcttgt 
atgataagtaactctaattttagggtttagattccaatcttctctattgggcttagctgaagtctgatttt 
ttacataggcgaggcgtagagcggtggttccatcgcttcacaggaggtatttgtctgtgattgtggagaga 
gtattctgcaaatgtgcagagaggcttgttgagaagttgcagccttatgcagaagacggaagtgctgtgaa 
tatggaagcgaagttctctcagatgacacttgatgtcattgggttgtctctttttaactacaatttcgatt 
ctttgactactgatagtcctgtcattgaagctgtttacactgctcttaaagaagctgagcttcgttctact 
gatcttctgccatattggaaggcaagtttcctgtgttttttctgtggtttgttgattgtgtggaacaattg 
gattcttgttaattgagagggtttggttgtttttttcagatcgatgcattgtgtaagatagtcccgagaca 
ggtgaaagctgaaaaggctgtaactttgataagggaaactgttgaagaccttattgctaagtgtaaagaaa 
ttgtcgaaagagaaggcgaaagaatcaatgatgaggagtatgtaaatgatgctgacccaagtatcctgcgt 
ttcttgcttgcaagcagagaagaggtttaaacttttttccttaagtttataagcaaatttggcctttcatt 
atcgcataatcgaagctgatgttgcattgtgagggttttcaggtatcaagtgtgcagttacgggatgatct 
tctctcaatgctcgtagcgggtcatgaaaccactggatctgtcctcacttggacactttatctcctaagta 
aggtaccttaatgtatcttctactttgctatgctagagaatttacttggatgggagcttctctgttctcat 
ttacctcttcaaattctctatgttcatagaactcatctgcattaaggaaagcacaagaagaagtagacaga 
gtgttagaaggaagaaacccggctttcgaggatataaaggagttgaagtacatcactcgttgtataaacga 
gtcaatgcgtctctatcctcatcctcctgtaagcaatcaagctcatctctctaattattcatgaactaaat 
tttctgattgatttgtttcctggtaggtcttgataagaagagctcaagttcctgacattcttcctgggaac 
tataaggtcaataccggacaagacattatgatttcagtctataacatccatcgttcttccgaggtacagtt 
ctcttccttctctcgtccatagtataacataggggagcctaatccttctcttcaatgatctttgtgtggtt 
cggatatctaaccggagtggacattcctagtattacattcatgcccacatttcttatgtgtttgttgtttg 
ttattccaaaggtatgggaaaaagctgaggaatttctgcctgaacgattcgacatagatggcgcaatccct 
aacgaaacaaacactgatttcaagtaaactcagtagaacacatcttttgacacaaactactgaatcaagat 
tagtggttttgattagggaatttaaaagatgattttcttttttcaccagattcatcccattcagtggaggg 
cctagaaaatgtgtaggcgatcagtttgcattgatggaggcaattgtggcactcgcggtgtttcttcagcg 
gttaaacgttgagctggttcctgatcagaccattagcatgaccacaggagcaaccatacacaccaccaatg 
tatgccaatgttctcacactcgagagattaatgagagtgtctgttttgtttagaatgattccaatttctct 
aatgctgatattttcaatttcagggattgtatatgaaggtgagccaaaggtaa 

SEQ ID NO: 6: At3g53130 Arabidopsis thaliana (CYP97C1) : 

Cctggtcaagagagagcagaaattgctgatacgcatctttgtcagagagaagcttcctgagttcatccacg 
ctacagaaaagtatacactattcaaaaagaagacatacaaaaaaaacgcacactcgagagaaggataacaa 
acaaacaaacaaaaagagcaaaccttttgtctttcaagaagacgataatgccagctgcttcacccggtgat 
acttgtgctgaaatctgacctgaactttgaggccgggatgagcttggcgagctaactaaagaaggcgagta 
ccatggcgactgtgaagaagcttcctgaggacgagattgcccttgttgttggtcttttgatccccttcacg 
tacacaacaaaaaaaagaaacatcatcaactaactatctcagcttccaagttaatataatacatcacctca 
taaacttgaaaggtgcatttatacagcacatcattgtaaacctaatatcagtaactatgaaccctaaatca 



Figure 19b 



gtagctgagcaaaatctacacttgtcaattcacctcaaaaacctcaaatatatcattatagctcaacaaac 
tacacaacaacaagatttccttaatcgctaacagacctaatgtctggatcacgcaatttcatcaataacat 
atgaatcagatggcaaaaaattcgcaaaatcataccagaaattgaacatcgtttctagaattcgccgacta 
acgaaaggaattgactttttcttgttctcttgtacttcttcttcctaccagatcgacaaaatttaacaact 
ttacagaaacagagtttacagagtttcaaagaaaattcgatcttctctgtttcgtttcagattttgctact 
tgcttttaaaaggcccaaatacgaggaggcccatattaagttttgattaacaaaacgtagtcgttttatgc 
atcgtcgtccttatccacgcgtaacggttcgcgtttctacacagagtcaaatatttctgcacggaagcttc 
gaaaagaggtcatcaatggagtcttcactcttttctccatcttcctcttcttactcttctctcttcactgc 
aaaacctacgcgtcttttatcaccaaaacccaaattcacattctccatcagatcctccattgagaaaccca 
aacccaaactcgagaccaattcatcgaaatcccaatcatgggtcagtcccgattggctcacaacactcact 
cgtaccctttcctcaggaaaaaacgacgagtcaggtataccaatcgcgaacgcgaagctcgacgatgtcgc 
tgatctcctcggaggtgctctcttcttacctctctacaaatggatgaatgagtacggacccatttaccgtc 
tcgctgctggtcctcgtaatttcgtaattgtgagcgacccagcgatagctaaacatgttttgaggaattat 
ccaaagtacgctaaaggcttagtcgctgaagtctctgaatttctatttggttcgggtttcgctatcgctga 
aggacctctttggacagtaatttcatctcctcctatctcaattttgaagtttttggaattgtggaagtaat 
gtgtgactgtcttgtatgataagtaactctaattttagggtttagattccaatcttctctattgggcttag 
ctgaagtctgattttttacataggcgaggcgtagagcggtggttccatcgcttcacaggaggtatttgtct 
gtgattgtggagagagtattctgcaaatgtgcagagaggcttgttgagaagttgcagccttatgcagaaga 
cggaagtgctgtgaatatggaagcgaagttctctcagatgacacttgatgtcattgggttgtctcttttta 
actacaatttcgattctttgactactgatagtcctgtcattgaagctgtttacactgctcttaaagaagct 
gagcttcgttctactgatcttctgccatattggaaggcaagtttcctgtgttttttctgtggtttgttgat 
tgtgtggaacaattggattcttgttaattgagagggtttggttgtttttttcagatcgatgcattgtgtaa 
gatagtcccgagacaggtgaaagctgaaaaggctgtaactttgataagggaaactgttgaagaccttattg 
ctaagtgtaaagaaattgtcgaaagagaaggcgaaagaatcaatgatgaggagtatgtaaatgatgctgac 
ccaagtatcctgcgtttcttgcttgcaagcagagaagaggtttaaacttttttccttaagtttataagcaa 
atttggcctttcattatcgcataatcgaagctgatgttgcattgtgagggttttcaggtatcaagtgtgca 
gttacgggatgatcttctctcaatgctcgtagcgggtcatgaaaccactggatctgtcctcacttggacac 
tttatctcctaagtaaggtaccttaatgtatcttctactttgctatgctagagaatttacttggatgggag 
cttctctgttctcatttacctcttcaaattctctatgttcatagaactcatctgcattaaggaaagcacaa 
gaagaagtagacagagtgttagaaggaagaaacccggctttcgaggatataaaggagttgaagtacatcac 
tcgttgtataaacgagtcaatgcgtctctatcctcatcctcctgtaagcaatcaagctcatctctctaatt 
attcatgaactaaattttctgattgatttgtttcctggtaggtcttgataagaagagctcaagttcctgac 
attcttcctgggaactataaggtcaataccggacaagacattatgatttcagtctataacatccatcgttc 
ttccgaggtacagttctcttccttctctcgtccatagtataacataggggagcctaatccttctcttcaat 
gatctttgtgtggttcggatatctaaccggagtggacattcctagtattacattcatgcccacatttctta 
tgtgtttgttgtttgttattccaaaggtatgggaaaaagctgaggaatttctgcctgaacgattcgacata 
gatggcgcaatccctaacgaaacaaacactgatttcaagtaaactcagtagaacacatcttttgacacaaa 
ctactgaatcaagattagtggttttgattagggaatttaaaagatgattttcttttttcaccagattcatc 
ccattcagtggagggcctagaaaatgtgtaggcgatcagtttgcattgatggaggcaattgtggcactcgc 
ggtgtttcttcagcggttaaacgttgagctggttcctgatcagaccattagcatgaccacaggagcaacca 
tacacaccaccaatgtatgccaatgttctcacactcgagagattaatgagagtgtctgttttgtttagaat 
gattccaatttctctaatgctgatattttcaatttcagggattgtatatgaaggtgagccaaaggtaaaaa 
ccagaatttatgttttcatgataattgattggtgtgaatggacttgtttcatagtactcttgagaaataac 
cacaaaaaaatgaattatggaaaatagttgtaccatcggaaatgtgaattttgaacagtgagatgctagta 
ccattaaagtttggtaattgtgttatcatttcaaatcaaactttcatacagcttgtgtttgttctccattt 
ttcagtaattacgaaaatcaaaattttatttttttttgaatttctaaataatagactaaggtctaaaacca 
tcccattccatatggaccacacgtaacattaaccttaaaaaccatataaaaccatataaaaccaatactag 
tgggttctatagcgatgtgtagtttcactttcacgtacgaggaagattaaaaaaaatggagaacgaaagct 
cagagagtagaaacagagctcgtcttgccattatggagcttgctaacatgattagcgttcccatgtctctc 
aatgccgccgtgcgactaggcattgccgacgccatttggaacggcggagccaattctcctctctctgccgc 
cgagatcctccctcgcctccacctaccatctcacactaccattggtggcgaccccgagaatcttcagcgta 
tacttcggatgctcaccagctacggtgtcttctccgaacaccttgttggatc 



Figure 2 0 

SEQ ID NO: 7: mutant LUT1-1 Arabidopsis thaliana (lutl-1) : 
atggagtcttcactcttttctccatcttcctcttcttactcttctctcttcactgcaaaacctacgcgtct 
tttatcaccaaaacccaaattcacattctccatcagatcctccattgagaaacccaaacccaaactcgaga 
ccaattcatcgaaatcccaatcatgggtcagtcccgattggctcacaacactcactcgtaccctttcctca 
ggaaaaaacgacgagtcaggtataccaatcgcgaacgcgaagctcgacgatgtcgctgatctcctcggagg 
tgctctcttcttacctctctacaaatggatgaatgagtacggacccatttaccgtctcgctgctggtcctc 
gtaatttcgtaattgtgagcgacccagcgatagctaaacatgttttgaggaattatccaaagtacgctaaa 
ggcttagtcgctgaagtctctgaatttctatttggttcgggtttcgctatcgctgaaggacctctttggac 
agtaatttcatctcctcctatctcaattttgaagtttttggaattgtggaagtaatgtgtgactgtcttgt 
atgataagtaactctaattttagggtttagattccaatcttctctattgggcttagctgaagtctgatttt 
ttacataggcgaggcgtagagcggtggttccatcgcttcacaggaggtatttgtctgtgattgtggagaga 
gtattctgcaaatgtgcagagaggcttgttgagaagttgcagccttatgcagaagacggaagtgctgtgaa 
tatggaagcgaagttctctcagatgacacttgatgtcattgggttgtctctttttaactacaatttcgatt 
ctttgactactgatagtcctgtcattgaagctgtttacactgctcttaaagaagctgagcttcgttctact 
gatcttctgccatattggaaggcaagtttcctgtgttttttctgtggtttgttgattgtgtggaacaattg 
gattcttgttaattgagagggtttggttgtttttttcagatcgatgcattgtgtaagatagtcccgagaca 
ggtgaaagctgaaaaggctgtaactttgataagggaaactgttgaagaccttattgctaagtgtaaagaaa 
ttgtcgaaagagaaggcgaaagaatcaatgatgaggagtatgtaaatgatgctgacccaagtatcctgcgt 
ttcttgcttgcaagcagagaagaggtttaaacttttttccttaagtttataagcaaatttggcctttcatt 
atcgcataatcgaagctgatgttgcattgtgagggttttcaggtatcaagtgtgcagttacgggatgatct 
tctctcaatgctcgtagcgggtcatgaaaccactggatctgtcctcacttggacactttatctcctaagta 
ag@taccttaatgtatcttctactttgctatgctagagaatttacttggatgggagcttctctgttctcat 
ttacctcttcaaattctctatgttcatagaactcatctgcattaaggaaagcacaagaagaagtagacaga 
gtgttagaaggaagaaacccggctttcgaggatataaaggagttgaagtacatcactcgttgtataaacga 
gtcaatgcgtctc tat cc teat cctcctgtaagcaatcaagctcatct etc taat tat tcatgaactaaat 
tttctgattgatttgtttcctggtaggtcttgataagaagagctcaagttcctgacattcttcctgggaac 
tataaggtcaataccggacaagacattatgatttcagtctataacatccatcgttcttccgaggtacagtt 
ctcttccttctctcgtccatagtataacataggggagcctaatccttctcttcaatgatctttgtgtggtt 
cggatatctaaccggagtggacattcctagtattacattcatgcccacatttcttatgtgtttgttgtttg 
ttattccaaaggtatgggaaaaagctgaggaatttctgcctgaacgattcgacatagatggcgcaatccct 
aacgaaacaaacactgatttcaagtaaactcagtagaacacatcttttgacacaaactactgaatcaagat 
tagtggttttgattagggaatttaaaagatgattttcttttttcaccagattcatcccattcagtggaggg 
cctagaaaatgtgtaggcgatcagtttgcattgatggaggcaattgtggcactcgcggtgtttcttcagcg 
gttaaacgttgagctggttcctgatcagaccattagcatgaccacaggagcaaccatacacaccaccaatg 
tatgccaatgttctcacactcgagagattaatgagagtgtctgttttgtttagaatgattccaatttctct 
aatgctgatattttcaatttcagggattgtatatgaaggtgagccaaaggtaa 



Figure 21 

SEQ ID NO: 8: LUT1-2 mutant Arabidopsis thaliana (lutl-2) : 



ATG 



TAA 



lut1-2 



100 bp 



SEQ ID NO: 9: mutant Arabidopsis thaliana LUT1-3 (lutl-3) 



ATG 



TAA 




tut1-3 



100 bp 
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SEQ ID NO: 10: conserved transmembrane domain: 
LVAEVSEFLFGSGFAIAEGPLWTA 

SEQ ID NO: 11: conserved an N-terminal transit peptide for 
chloroplast- targeting: MESSLFSPSSSSYSSLFTAKPTRLLSPKPKFTFSIR 

SEQ ID NO: 12: conserved consensus motif of cytochrome P450 
monooxygenase molecular oxygen binding pocket: (A/G) GX (D/E) T (T/S) 

SEQ ID NO: 13: conserved sequence of cytochrome P450 monooxygenase 
molecular oxygen binding pocket in LUT1 Arabidopsis thaliana: AGHETT 

SEQ ID NO: 14: conserved consensus cysteine motif in p450 
monooxygenase enzymes : FXXGXXXCXG 

SEQ ID NO: 15: conserved cysteine sequence in LUT1 Arabidopsis 

thaliana: FSGGPRKCVG 



Fig. 23 

SEQ ID NO: 16: rice CYP97C2 Oryza sativa: 
MAAAAAAAVPCVPFLCPPPPPLVSPRLRRGHVRLRLRPPRSSGGGGGGGAGGDEPPITTSWVSPDWLTALSR 
SVATRLGGGDDSGIPVASAKLDDVRDLLGGALFLPLFKWFREEGPVYRLAAGPRDLVWSDPAVARHVLRGY 
GSRYEKGLVAEVSEFLFGSGFAIAEGALWTWRRSWPSLHKRFLSVMVDRVFCKCAERLVEKLETSALSGK 
PVNMEARFSQMTLDVIGLSLFNYNFDSLTSDSPVIDAWTALKEAELRSTDLLPYWKIDLLCKIVPRQIKAE 
KAVNIIRNTVEDLITKCKKIVDAENEQIEGEEYVNEADPSILRFLLASREEVTSVQLRDDLLSMLVAGHETT 
GSVLTWTIYLLSKDPAALRRAQAEVDRVLQGRLPRYEDLKELKYLMRCINESMRLYPHPPVLIRRAIVDDVL 
PGNYKI KAGQD IMI S VYNIHRS PEVWDRADDF I PERFDLEGPVPNETNTE YRF I PFSGGPRKCVGDQFALLE 
AIVALAWLQKMDIELVPDQKINMTTGATIHTTNGLYMNVSLRKVDREPDFALSGSR 

SEQ ID NO: 17: barley CYP97C Hordeum vulgare: 
MPAAAFASALASPPPPWAPRPSPRHASLRLPPPRSSGGGGDKPTTSWVSPDWLTSLSRSVLGRGNDDSGIPV 
ASAKLDDVQDLLGGALFLPLFKWFREEGPVYRLAAGPRDFVIVSDPAVAKHVLRGYGTRYEKGLVAEVSEFL 
FGSGFAIAEGALWTVRRRAWPSLHKRFLSVMVDKVFCKCAERLVEKLETYALSGEPVNMEARFSQMTLDVI 
GLSLFNYNFDSLTSDSPVIDAVYTALKEAEARSTDLLPYWQIDLLCKIVPRQIKAEKAVNTIRNTVEELIIK 
CKAIVDAENEQIEGEEYVNEADPSILRFLLASREEVSSLQLRDDLLSMLVAGHETTGSVLTWTIYLLSKDPV 
ALRRAQDEVDRVLQGRLPRYEDVKELKYLMRCINESMRLYPHPPVLIRRALVDDVLPGNYKVKTGQDIMISV 
YNIHRS PEVWDRADEF I PERFDLEGP I PNESNTDFRF I PFSGGPRKCVGDQFALLEAI VALAI VTQKMDVQL 
VADQKISMTTGATIHTTNGLYMNVXLRKVEQEADLALSPSG 

SEQ ID NO: 18: wheat CYP97C Triticum aestivum: 
MPAAAFASAFASPPPPWAPRPPPRHASLRLPPPRSSSNNSGGGGGDKPTTSWVSPDWLTSLSRSVLGRGNDD 
SGIPVASAKLDDVQDLLGGALFLPLFKWFREEGPVYRLAAGPRDFVIVSDPAVAKHVLRGYGTRYEKGLVAE 
VSEFLFGSGFAIAEGALWTVRRRAWPSLHKRFLSVMVDKVFCKCAERLVEKLETYAL 

TLDVIGLSLFNYNFDSLTSDSPVIDAVYTALKEAEARSTDLLPYWQIDLLCKIVPRQIKAEKAVNTIRNTVE 
ELITKCKAIVDAENEQIEGEEYVNEADPSILRFLLASREEVSSLQLRDDLLSMLVAGHETTGSVPDYRLQAQ 

GS 

SEQ ID NO: 19: tomato CYP97C Lycopersicon esculentum: 
CRCAERMVEKLLPDAISGSAVNMEAKFSQLTLDVIGLALFNYNFDSLTTDSPVIDAVYTALKEAELRSTDLL 
PYWQIKALCKFIPRQIKAENAVSLIRQTVEELIAKCREIVETEGERINEDEYVNDRDPSILRFLLASREEVS 
SLQLRDDLLSMLVAGHETTGSVLTWTAYLLSKDPSSLEKAHEEVDRVLGGRSPTYEDMKNLKFLTRCITESL 
RLYPHPPVLIRRAQVADVLPGNYKVNVGQDIMISVYNIHHSSKVWDRAEEFDPERFDLERSRP 

SEQ ID NO: 20: maize CYP97C Zea mays: 
LEPYALSGEPVNMEARFSQLTLDVIGLSLFNYNFDSLTTDSPVIDAVYTALKEAELRSTDLLPYWKVGFLCK 
IIPRQIKAENAVTIIRNTVEELIMKCKEIVEAENEQIEGEEYVNEGDPSILRFLLASRDEVSSVQLRDDLLS 

MLVAGHETTGSVLTWTIYLLSKDPTALRRAQDE 

SEQ ID NO: 21: sunflower CYP97C Helianthus annuus: 
GPRNFVIVSDPEIAKHVLRNYGSIYAKGLVAEVSEFLFGSGFAIAEGSLWTARRRAWPSLHKKYLSVIVDR 
VFCKCSERLVEKLRSYARSDTSVNMEQQFSQLTLDVIGLAVFNYNFDSLTADSPVIESVYTALKEAEARSTD 
LLPYWKISALCKIIPRQIKAEQAVTVIRETVEELIIKCKEIVEKEGEKIDDEDYVNDATYIFIC 
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SEQ ID NO: 22: rice CYP97C Oryza sativa: 
atggccgccgccgccgccgccgccgtcccgtgcgtaccattcctgtgcccgcctcctccgccattggtctcg 
ccgcgtctccgccgtggccacgtccgcctccgcctgcggccgccaaggagcagcggcggtggaggcggaggc 
ggagcggggggagacgagccgcccatcaccacctcgtgggtgagccccgactggctcacggcgctctcccgc 
tcggtggcaacccgcctcggcgggggcgacgactcggggatccccgtcgcctccgccaagctcgacgacgtg 
cgggacctcctcggcggcgcgctcttcctccctctcttcaagtggttccgcgaggaaggccccgtctaccgc 
ctcgcggcggggccgcgggatctcgtcgtcgtcagcgatcccgccgttgccaggcacgtgctgcgtgggtac 
ggttcgaggtacgagaaggggctcgtcgccgaggtttccgagttcctcttcggctccgggttcgccatcgcc 
gagggcgctctctggacggtgagacgtcgatcagttgtaccatctctacacaaacgatttctctcggtgatg 
gttgacagagttttttgtaaatgtgctgagagattagtggagaagcttgagacatctgctttaagtggcaaa 
cctgtaaatatggaagcaaggttctctcaaatgactttagatgtgattggtttgtccttgttcaattacaat 
tttgattccctcacatcagatagccctgttattgatgctgtttacactgcactcaaggaagcagaacttcgt 
tctacagatcttttaccatactggaagattgatttgctgtgcaagattgttcctagacaaataaaagcagaa 
aaggcagttaacatcatcaggaataccgttgaggacctaattaccaaatgcaagaagattgtagatgctgag 
aatgaacaaattgagggtgaggaatatgtaaatgaggcagaccctagcatcctgcgattcctacttgctagc 
cgtgaagaggtaaccagtgtgcagttacgtgatgatctattgtcaatgttagttgctggtcatgaaacaaca 
ggctctgtactgacgtggactatttatcttctcagtaaggatccagcagcgctgaggagagctcaagcagag 
gttgaccgtgttctacaaggtagactccccagatatgaagatctaaaagagctgaagtacttgatgcgctgt 
ataaatgagtctatgcggctttatccacacccacctgtgttgatacggcgagccatagttgatgatgtgctt 
cccggaaactataagatcaaagctggtcaagatattatgatttcagtgtacaatatacacaggtcacctgag 
gtttgggacagagctgatgattttattcctgagagatttgatttagagggacctgttccaaatgagacaaac 
actgaatacagatttatcccattcagtggaggtcctcggaaatgtgttggagatcagtttgctctcttggaa 
gcaattgtggcacttgctgttgtgttgcagaagatggacattgagcttgtgccagatcaaaaaattaacatg 
actactggggccacaattcatacaaccaatggcctgtatatgaatgtaagtctgcgtaaagttgacagggaa 

cctgattttgcactcagtgggtccagatga 

SEQ ID NO: 23: barley CYP97C Hordeum vulgarei 
atgcccgccgcggcattcgcctccgcgctcgcgtctcctcctcctccatgggccccacgaccgtcccctcgg 
cacgctagcctccgcctgcccccgccaaggagcagcggcggcggaggggacaagcccaccacgtcgtgggtc 
agccccgactggctcacgtcgctgtcccgctcggtgctcggccggggaaacgacgactcggggatccccgtc 
gcctccgccaagctcgacgacgtgcaggacctcctcgggggcgcgctcttcctcccgctcttcaagtggttc 
cgcgaggaagggcccgtctaccgcctcgccgcggggccgcgcgacttcgtcatcgtcagcgaccccgccgtg 
gccaagcacgtcctccgcgggtacggcacgcggtacgagaaggggctcgtcgccgaggtctccgagttcctc 
tttggctctgggttcgccatcgccgagggagcgctctggacggtgagacgtagagcagttgtaccatctcta 
cacaaaagatttctctcagtaatggttgataaagtgttttgtaaatgtgctgagagattggtggaaaagctc 
gagacatatgctttgagcggtgaacctgttaatatggaagcgagattttctcaaatgacactagatgtgatt 
ggtttgtctttgttcaactacaactttgattccctcacatcagatagtcctgttattgatgctgtttacacc 
gcactgaaagaagcagaggctcgttctacagatcttttaccatactggcagattgatttgctgtgcaagatt 
gttcctagacagatcaaagcagaaaaggcagttaacacaataaggaatactgttgaagagctaattataaaa 
tgcaaggcaatcgtagatgctgaaaatgaacagattgagggtgaagaatatgtaaatgaggcagatcctagc 
atcctgcgttttttacttgctagccgtgaagaggtcagcagtttgcagttacgtgatgatctattgtcaatg 
ttagttgctggtcacgaaacaacaggctctgtactgacatggactatttatcttctcagtaaggatccagta 
gcactaaggagagcccaagatgaggtagatcgtgttctacaaggtagactcccaagatatgaagatgtaaaa 
gagctgaagtacttgatgcgctgtatcaatgagtccatgcggctatacccacatcctcctgtgctgatacgg 
cgtgcactagttgatgatgtgcttcctggaaactacaaggttaagactggtcaagatattatgatttctgtg 
tacaatattcacagatcacctgaggtatgggacagagcagatgaattcattccagagagatttgatttggag 
ggtcccattccaaatgagtcaaacaccgatttcaggtttatccctttcagtggaggtcctcgaaaatgtgtt 
ggagatcagtttgctcttttagaagcaattgtggcacttgcaattgtcatacaaaagatggacgttcagctt 
gtggcagatcaaaaaatcagcatgaccactggggccaccatccatacaaccaatggactgtacatgaatgta 
agnctgcgtaaagttgagcaagaagctgacttagcactgagtccatcaggctag 
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SEQ ID NO: 24: wheat CYP97C Triticum aestivum: 
atgcccgccgcggcattcgcctccgcgttcgcgtctcctcctcctccgtgggccccacgaccgcctcctcgc 
cacgccagcctccgcctgcccccgccaaggagcagcagcaacaacagcggcggcggcggaggggacaagccc 
accacctcgtgggtcagccccgactggctgacgtcgctgtctcgctcggtgctcggccgggggaacgacgac 
tcggggatacccgtcgcctccgccaagctcgacgacgtgcaggacctcctcgggggcgcgctcttcctgccg 
ctcttcaagtggttccgcgaggaagggcccgtctaccgcctcgccgcggggccgcgcgacttcgtcatcgtc 
agcgaccccgccgtagccaagcacgtcctccgcgggtacggcacgcggtacgagaaggggctcgtcgccgag 
gtctccgagttcctctttggctctgggttcgccatcgccgagggagcgctctggacggtgagacgtagagca 
gttgtaccatctctacacaaaagatttctctcagtaatggtcgataaagtgttctgtaaatgtgctgagaga 
ttggtggaaaagctcgagacttatgctttgagtggtgaacctgttaatatggaagcgaggttttctcaaatg 
acattagatgtgattggtttatccttgttcaactacaactttgattccctcacatcagatagtcctgttatt 
gatgctgtttacactgcactcaaagaagctgaggctcgttctacagatcttttaccatactggcagatcgat 
ttgctgtgcaagattgttcctagacagataaaagcggaaaaagcagttaacacaataaggaataccgttgaa 
gagctaattacaaaatgcaaggcaatcgtagatgctgaaaatgaacagattgagggtgaagaatatgtaaat 
gaggcagatcctagcatcctgcggtttttacttgctagccgtgaagaggtcagcagtttgcagttacgtgat 
gatctattgtcaatgttagttgctggtcatgaaacaacaggttctgtaccagactatcgattacaagcccaa 

ggttcc 

SEQ ID NO: 25: tomato CYP97C Lycopersicon esculentum: 
tgcagatgtgctgagagaatggtggagaaacttttacctgatgcaatttctggctctgcagtgaatatggag 
gcaaagttttctcaactaacacttgatgttattggccttgcactcttcaattacaattttgattcccttact 
actgacagtccagttattgatgcagtttacactgcactaaaagaagcagaactccgttcaactgatttgttg 
ccatattggcagatcaaagctttatgtaagttcatcccacgacaaataaaggctgagaatgcagtgtcatta 
atcagacaaacagttgaagaacttattgcgaagtgcagagagattgtagaaactgagggtgagaggattaat 
gaagatgagtacgtgaatgatagagatccaagcatccttcgatttttgcttgctagccgtgaggaggtttca 
agtttacaacttcgagatgatcttctgtcaatgctagttgctgggcatgaaaccacaggttcagttttgact 
tggacggcatacctgctgagtaaggacccttcctctttggaaaaagcacatgaggaagtagacagagttttg 
ggaggacgctctccgacttatgaagatatgaagaatctcaagttcttaacacggtgcataactgagtcactc 
agactctatccacatccacctgtcctgataagacgagctcaagtagctgatgtcctccccgggaattacaaa 
gtcaatgttggtcaggatataatgatttcggtatataacattcatcattcttcaaaagtatgggatagagct 
gaagaatttgatcctgaaagattcgacttggaaaggtcccgtcccaa 

SEQ ID NO: 26: maize CYP97C Zea mays: 
cttgagccatatgctttgagtggggaacctgtcaatatggaagcgaggttttctcagttgacattggatgtg 
attggtttatcattgttcaactacaattttgattccctcacaacagatagtcctgtcattgatgctgtttat 
actgcactcaaagaagcagagcttcgttctacagatcttttgccatactggaaggttggtttcttgtgcaag 
ataatcccaagacagataaaagcagagaatgcggttacgattataaggaacactgttgaagagctgattatg 
aagtgtaaagaaatagtggaagctgaaaatgaacagattgagggtgaggaatatgtaaacgaaggggatcct 
agcattctacgcttcctacttgctagccgagatgaggtaagcagtgtacaattacgtgatgatctcttgtca 
atgttagttgctggtcatgaaacaacaggctctgtactgacgtggacaatctatcttctcagtaaggatccg 

actgcactgaggagagctcaagatgaa 

SEQ ID NO: 27: sunflower CYP97C Helianthus annuus: 
gggccaagaaactttgtgattgtgagtgacccggagattgctaagcatgtgttgaggaattatgggagtatt 
tatgctaaaggccttgttgctgaggtctctgagttcttgtttggttctggttttgccattgctgaaggctct 
ctttggactgcaaggcgcagggctgtagttccatcacttcacaagaagtacttatcagtaatagttgatcgt 
gtattttgcaaatgctccgagaggcttgtcgaaaagctaagatcatacgcacgcagtgacacgtctgttaac 
atggagcaacagttttcgcagttaacccttgatgttatcggtctagccgtatttaactacaattttgactca 
cttacggccgatagtcctgtaattgaatctgtttataccgcactaaaagaagctgaagcccgttcaactgat 
cttttgccatattggaagataagtgcgttatgtaagattataccaagacaaataaaagccgagcaagcagtt 
actgtaattagagaaactgtcgaagaacttattataaaatgcaaggaaatcgttgaaaaggaaggtgaaaaa 
atagacgatgaagattacgtaaatgatgcaacctatatcttcatctgc 
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SEQ ID NO: 28: forward At3g5313 0 primer 
5 ' - CTTCCTCTTCTTACTCTTCTCTCTTCACT - 3 ' 

SEQ ID NO: 29: reverse At3g53130 primer 
5 1 - AAGAACGATGGATGTTATAGACTGAAATC - 3 ■ 

SEQ ID NO: 30: LUT1 TaqMan probe 
5 1 - CCGTCTCGCTGCTGGTCCTCG - 3 ' 

SEQ ID NO: 31: forward LUT1 primer 
5 ' -GGATGAATGAGTACGGACCCAT - 3 * 

SEQ ID NO: 32: reverse LUT1 primer 

5 ' - GGGTCGCTCACAATTACGAAA - 3 ' 
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SEQ ID NO: 33: CYP97A3 Arabidopsis thaliana: 
MAMAFPLSYTPTITVKPVTYSRRSNFWFSSSSNGRDPLEENSVPNGVKSLEKLQEEKRRAELSARIASGA 
FTVRKSSFPSTVKNGLSKIGIPSNVLDFMFDWTGSDQDYPKVPEAKGSIQAVRNEAFFIPLYELFLTYGGI 
FRLTFGPKSFLIVSDPSIAKHILKDNAKAYSKGILAEILDFVMGKGLIPADGEIWRRRRRAIVPALHQKYV 
AAMISLFGEASDRLCQKLDAAALKGEEVEMESLFSRLTLDIIGKAVFNYDFDSLTNDTGVIEAVYTVLREA 
EDRSVSPIPWDIPIWKDISPRQRKVATSLKLINDTLDDLIATCKRMVEEEELQFHEEYMNERDPSILHFL 
LASGDDVSSKQLRDDLMTMLIAGHETSAAVLTWTFYLLTTEPSWAKLQEEVDSVIGDRFPTIQDMKKLKY 
TTRVMNES LRL YPQPPVL I RRS IDND I LGE YP I KRGED I F I S VWNLHRS PLHWDDAEKFNPERWPLDGPNP 
NETNQNFSYLPFGGGPRKCIGDMFASFENWAIAMLIRRFNFQIAPGAPPVKMTTGATIHTTEGLKLTVTK 

RTKPLD I PS VP I LPMDTS RDE VS SALS 

SEQ ID NO: 34: rice CYP97A Oryza sativa: 
MAATSSAAAAAPPPCRLLGSGQAHLRLPPSAAAAAASARRRLLLRCAASGGNGKGGGGDGSGSDPVLEERRR 
RRQAELAARIASGEFTAQGPAWIAPLAVGLAKLGPPGELAAALLTKVAGGGGPEIPQAVGSMSAVTGQAFFI 
PL YDLFLTYGGI FRLNFGPKS FLI VSDPAI AKH I LRDNSKAYS KGI LAE I LEFVMGTGL I PADGE I WRVRRR 
AIVPAMHQKYVTAMISLFGYASDRLCQKLDKAATDGEDVEMESLFSRLTLDVIGKAVFNYDFDSLSYDNGIV 
EAVYVTLREAEMRSTS P I PTWE I P I WKD I S PRQKKVNEALAL INKTLDEL ID ICKRLVEEEDLQFHEE YMNE 
QDPSILHFLLASGDDVSSKQLRDDLMTMLIAGHETSAAVLTWTFYLLSKYPNVMAKLQDEADTVLGDRLPTI 
EDVKKLKYTTRVINESLRL YPQPPVL IRRS IEEDMLGGYP IGRGED I F I S VWNLHHCPKHWDGADVFNPERW 
PLDGPNPNETNQNFSYLPFGGGPRKCVGDMFATFETWATAMLVRRFDFQMAPGAPPVEMTTGATIHTTEGL 
KMTVTRRTKPPVIPNLEMKVISDSPENMSTTTSMPVSAASIASGEDQQGQVSATRI 

SEQ ID NO: 35: barley CYP97A Hordeum vulgare: 
SARGQAVGSLASVAGEAFFLPLYDLFLTYGGVFRLNFGPKSFLIVSDPDVAKHILRDNSKAYSKGILAEILE 
FVMGTGLIPADGEVWRVRRRAIVPALHQKYVTAMIGLFGNASDRLCQKLDKAASDGEDVEMESLFSRLTLDV 
IGKAVFNYDFDSLSYDNGIVEAVYVTLREAEMRSTSPIPTWEIPIWKDISPRQRKVNEALALINNILDELIA 
TCKRMVDEEDLQFHEE YMNEKDPS I LHFLLASGDDVS S KQLRDDLMTML I AGHETS AAVLTWTF YLLS KYPN 
VMSKLQAEADAVLGDGLPTIDDVKKLKYTTRVINESLRLYPQPPVLIRRSLEDDMLGEYPIGKGEDIFISIW 
NLHRCPKHWDDADVFNPERWPLDGPNPNETNQKFSYLPFGGGPRKCVGDMFATFETWATAMLVKRFDFQMA 
PGAPPVEMTTGATIHTTKGLNMTVTRRIKPPVIPNLEMKIVSDPEGSTSSTASVAVSTASIASGEGQQVEVS 

TSQV 

SEQ ID NO: 36: soybean CYP97A Glycine max: 
GKGLIPADGEIWRVRRRAIVPALHQKYVAAMIGLFGQAADRLCQKLDAAASDGEDVEMESLFSRLTLDIIGK 
AVFNYDFDSLSNDTGI VEAVYTVLREAEDRS VAP I PVWE I P I WKD I S PRLRKVNAALKF INDTLDDL I AI CK 
RMVDEEELQFHEEYMNEQDP SI LHFLLASGDDVS S KQLRDDLMTML I AGHETS AAVLTWTF YLLS KEPRVMS 
KLQEE VDS VLGDQ YPTI EDMKKLKYTTRVINE S LRLYPQPPVL IRRS LEDDVLGE YP I KRGED I F ISVWNLH 
RS PKLWDDADKFKPERWALDGPS PNETNQNFKYLPFGGGPRKCVGDLFAS YET WALAMLMRRFNFQ I AVGA 
PPVEMTTGATIHTTQGLKMTVTHRIKPPIVPSLQMSTLEVDPSISLSDQDEVSQKGEVYQAQAQS 

SEQ ID NO: 37: wheat CYP97A Triticum aestivum: 
GCRLPQAVGSLASVAGEAFFLPLYDLFLTYGGVFRLNFGPKSFLIVSDPDVAKHILRDNSKAYSKGILAEIL 
EFVMGTGLIPADGEVWRVRRRAIVPALHQKYVTAMIGLFGNASDRLCQKLDKAASDGEDVEMESLFSRLTLD 
VIGKAVFNYDFDSLSYDNGIVEAVYVTLREAEMRSTSPIPTWEIPIWKDISPRQCPKHWDDADVFNPERWPL 
DGPNPNETNQKFSYLPFGGGPRKCVGDMFATFETWATAMLVKRFDFQMAPGAPPVEMTTGATIHTTKGLNM 
TVTRRIKPPVIPNLEMKIVSDSEGSTSSTASVAVSTASIASGEGQQVEVSTSQV 



Figure 2 6b 

SEQ ID NO: 38: tomato CYP97A Lycopersicon esculentum: 
QFPTHHYSKSRLTLSPKFKGSVSNFTIRCSNSNGKQPESVDEGVKKVEKLLDEKRRAELSARIASGEFTVEQ 
SGFPSLLKNGLSKLGVPKEFLEFFSRRTGNYPRI PEAKGS I SAIRDEPFFMPLYELYLTYGGI FRLI FGPKS 
FLIVSDPSIAKHILKDNSKAYSKGILAEILDFVMGKGLIPADGEIWRVRRRAIVPALHQKYVAAMIGLFGKA 
TDRLCKKLDVAATDGEDVEMESLFSRLTLDIIGKAVFNYDFDSLTVDTGIVEAVYTVLREAEDRSVAPIPVW 
ELPIWKDISPKLKKVNAALKLINDTLDDLIAICKRMVDEEELQFHEEYMNEKDPSILHFLLASGDEVSSKQL 
RDDLMTMLIAGHETSAAVLTWTFYLLSKEPSVMAKLQDEVDSVLGDRLPTIEDLKKLRYTTRVINESLRLYP 
QPPVLIRRSIEEDWGGYPIKRGEDIFISVWNLHRCPNHWEEADRFNPERWPLDGPNPNETNQNFSYLPFGG 
GPRKCVGDMFATFENLVAVAMLVQRFDFQMALGAPPVKMTTGATIHTTEGLKMTVTRRSRPPIVPNLEMATL 

EVD 

SEQ ID NO: 39: green alga CYP97A3 Chlamydomonas reinhardtii: 
ARRRAVVPALHRKYVMS1WDMFGDCAAHGASATLDKYAASGTSLDMENFFSRLGLDIIGKAVFNYDFDSLAH 
DDPVIQAVYTLLREAEHRSTAPIAYWNIPGIQFWPRQKRCQEALVLVNECLDGLIDKCKKLVEEEDAVFGE 
EFLSERDPSILHFLLASGDEISSKQLRDDLMTMLIAGHETTAAVLTWTLYLLSQHPEAAAAIRKEVDELLGD 
RKPGVEDLRALK3VITTRVINEAMRLYPQPPVLIRRALQDDHFDQFTVPAGSDLFISVWNLHRSPKLWDEPDKF 
KPERFGPLDSPIPNEVTENFAYLPFGGGRRKCIGDQFALFEAWALAMLMRRYEFNLDESKGTVGMTTGATI 

HTTNGLN 



Figure 27a 

SEQ ID NO: 40: CYP97A Arabidopsis thaliana: 
gtgatttgagtttttattttgcggtggcgttgtatggctatggcctttcctctttcttatactccgacgat 
tactgttaaaccagtaacgtactctcggagatcgaactttgtagttttctcgtcgagttctaatggacgag 
atcctttagaggagaattcagtacctaatggtgtgaaaagcttggagaagcttcaagaagagaagcgtcgt 
gctgagttatctgctaggattgcttctggagctttcactgtacggaaatctagttttccatctacagtgaa 
gaatggtttatctaagattggaataccaagcaatgttcttgatttcatgtttgattggactggttctgacc 
aagactaccccaaggttcctgaggctaaaggctcgattcaggcggtccggaacgaagctttcttcatccct 
ttgtatgagcttttccttacttatggtggaattttcaggttgacctttgggcctaagtcattcttgatcgt 
gtcggatccttctattgctaaacatatattgaaggacaatgcaaaagcttactccaaggggattttagctg 
aaattctagattttgtgatgggaaaaggactcattcctgctgatggggagatatggcgtagacgaaggcgt 
gccattgttcctgcattgcatcaaaagtatgtagcagctatgattagtttattcggagaagcttcagatag 
gctttgtcagaagcttgatgctgctgcattgaaaggggaagaagtagagatggaatcactcttctctcgtt 
tgacacttgatattattggcaaggcggttttcaattacgactttgactcccttactaatgataccggtgtg 
atcgaggcagtgtacactgttctaagagaagctgaagacagaagtgtttcacctattcctgtttgggacat 
acccatttggaaagatatttccccacgtcagaggaaagttgctacttccttgaaattaatcaatgacacac 
ttgatgatttgattgcaacatgcaagagaatggtagaagaagaggagttgcagtttcacgaggagtatatg 
aacgaaagagatcctagcatccttcactttcttttagcttcaggagatgatgtctctagtaagcagcttcg 
tgatgacttgatgacaatgcttatagccggacatgaaacatcggcggcagtattaacatggaccttttacc 
ttttaacaacggaaccaagtgtagttgccaaacttcaagaagaggttgattctgtaattggagatagattc 
ccaaccatacaagatatgaaaaagctgaaatacactactcgagtcatgaatgagtcattgagattatatcc 
acaaccaccagtactgatccgtcgttctatagataatgatatacttggagagtatccgataaaaaggggag 
aggatatcttcatctcggtttggaatctacatcgaagtcctctgcattgggatgatgcagagaagttcaat 
cccgagagatggcctttggatggaccaaacccaaatgagacaaaccaaaacttcagttacttacctttcgg 
tggaggaccgcggaaatgtataggcgacatgtttgcttcctttgagaatgtggtagcaatcgcaatgctta 
ttcgaagatttaactttcagattgcaccaggagctcctccggtgaaaatgactacaggagctacaatacac 
accacagaaggattgaaattgacagtaacaaagaggacaaaacctctggacataccatccgtaccgatact 
tccaatggatacttcacgggatgaagtttcatctgctctttcttaagtcttcatctttacaaaactgaaaa 
caaacaagctcagatgaagaagcaaaaatcttgtgttagaacagcaaatgttgaattgttggaacatgacc 
aatgctttctgattatttatctgcactgtaaaatgcagacaagtaaaatgagaagatttattattctttgg 
aaaaaaaaaatgtttttgtctgcacagtgaagataatataacttctgggttctatgtaaaaaaaaaaac 
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SEQ ID NO: 41: CYP97A Arabidopsis thaliana: 
atggctatggcctttcctctttcttatactccgacgattactgttaaaccagtaacgtactctcggagatcg 
aactttgtagttttctcgtcgagttctaatggacgagatcctttagaggagaattcagtacctaatggtgtg 
aaaagcttggagaagcttcaagaagagaagcgtcgtgctgagttatctgctaggattgcttctggagctttc 
actgtacggaaatctagttttccatctacagtgaagaatggtttatctaagattggaataccaagcaatgtt 
cttgatttcatgtttgattggactggttctgaccaagactaccccaaggttcctgaggctaaaggctcgatt 
caggcggtccggaacgaagctttcttcatccctttgtatgagcttttccttacttatggtggaattttcagg 
ttgacctttgggcctaagtcattcttgatcgtgtcggatccttctattgctaaacatatattgaaggacaat 
gcaaaagcttactccaaggggattttagctgaaattctagattttgtgatgggaaaaggac teat tec tgct 
gatggggagatatggcgtagacgaaggcgtgccattgttcctgcattgcatcaaaagtatgtagcagctatg 
attagtttattcggagaagcttcagataggctttgtcagaagcttgatgctgctgcattgaaaggggaagaa 
gtagagatggaatcactcttctctcgtttgacacttgatattattggcaaggcggttttcaattacgacttt 
gactcccttactaatgataccggtgtgatcgaggcagtgtacactgttctaagagaagctgaagacagaagt 
gtttcacctattcctgtttgggacatacccatttggaaagatatttccccacgtcagaggaaagttgctact 
tccttgaaattaatcaatgacacacttgatgatttgattgcaacatgcaagagaatggtagaagaagaggag 
ttgcagtttcacgaggagtatatgaacgaaagagatcctagcatccttcactttcttttagcttcaggagat 
gatgtctctagtaagcagcttcgtgatgacttgatgacaatgcttatagccggacatgaaacatcggcggca 
gtattaacatggaccttttaccttttaacaacggaaccaagtgtagttgccaaacttcaagaagaggttgat 
tctgtaattggagatagattcccaaccatacaagatatgaaaaagctgaaatacactactcgagtcatgaat 
gagtcattgagattatatccacaaccaccagtactgatccgtcgttctatagataatgatatacttggagag 
tatccgataaaaaggggagaggatatcttcatctcggtttggaatctacatcgaagtcctctgcattgggat 
gatgcagagaagttcaatcccgagagatggcctttggatggaccaaacccaaatgagacaaaccaaaacttc 
agttacttacctttcggtggaggaccgcggaaatgtataggcgacatgtttgcttcctttgagaatgtggta 
gcaatcgcaatgcttattcgaagatttaactttcagattgcaccaggagctcctccggtgaaaatgactaca 
ggagctacaatacacaccacagaaggattgaaattgacagtaacaaagaggacaaaacctctggacatacca 
tccgtaccgatacttccaatggatacttcacgggatgaagtttcatctgctctttcttaa 
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SEQ ID NO: 42: rice CYP97A Oryza sativa: 
atggcggctacctcctctgcggccgccgctgctccacctccgtgccgcttactcggctccggtcaggcacac 
ctgcgccttcctccttctgctgctgctgctgctgcttcagctcgtcgccgcctgctcctccgctgcgccgcc 
tcgggcggcaacgggaaaggcggtggtggcgacggctccggctccgacccggttcttgaggagcggcggcgg 
cggcgccaggctgagctggcggcgcgcattgcgtccggcgagttcaccgcccaaggccccgcgtcagtgctc 
attctctctctctctctctctcacgttgcggccgcctttccttcctcctttgatgatctgatggagagctcc 
ctctctctttttcaggtggattgctcccctcgcggtggggcttgccaagctcggcccaccgggggagctcgc 
cgccgcgctgctcaccaaggtcgccggtggcggcggaccggagataccgcaggcggtggggtctatgagtgc 
ggtgacagggcaggctttcttcatcccgctctatgatctcttccttacctatggcggcatctttcgcctcaa 
tttcggccctaaggtgatgcacaatcagaccaatttgctctccaactcggcaactcccaattttgtgttatt 
attgatggcctaaactttgttcttttcttgttttccccagtctttcctcattgtctctgatccagctatagc 
taagcacatcctgagggacaactccaaggcttattccaaggttttgtgttgtcaattttggatgtagacgtg 
ttctaggctgtgctctagaaattaacggcctgcattttgattgtggtgggtgcagggtattctggcagaaat 
tttagagtttgtgatgggtacgggtttgatccctgctgatggggagatttggcgtgttaggaggcgcgccat 
tgtaccagcaatgcaccagaaggttctacatcatttctgtaccaggtttagcatgatttgatcttcgggttg 
tgattgaactgatctgaatttcgctttgcagtacgttaccgcaatgataagtctcttcggatatgcttcaga 
tcggctctgccagaagttggacaaggcagcaacggatggggaggatgtggagatggaatctttgttctctcg 
actaacactggatgtcattgggaaggcagtcttcaattatgatttcgactcattgtcttacgataatggaat 
agttgaggttagtattcagtcttgtactgtaattttggaattcattatacattctatttgttcatgtttgtt 
ttcttaaaattttacctttttttggattgatgatcaggcagtgtatgtgacactgcgagaagcagaaatgcg 
gagcacttctcctataccaacttgggaaatacccatatggaaagatatttccccgcggcagaagaaggtcaa 
tgaagctcttgcgctgataaataagactcttgatgaactaattgacatctgcaaggtgaacttcttttctta 
tgttctgaccttattatttattttttaaaaaaatcaaggcttttagattggctgctgttactcttgcagaga 
ttggtcgaggaagaagatctgcagtttcatgaagaatacatgaatgagcaagaccccagtatcctccacttt 
cttttggcatctggagatgatgtatggtgtacctgcagtttaaaatattatagatctccaaacattctggtc 
ctcacattgcttcaatttgtcttcattaggtctccagcaagcaactccgtgatgatctgatgacaatgctca 
ttgctggccatgagacctctgcagcagtcttgacatggacattttatcttctatctaaggtatcaatatgtt 
ccgtagctgttcccaaaagaaaatatgttcagcaactcaaatcattgatgtattaatgtagcaatatgtaat 
gatgaatattgtatacgtcaaaccactcatgttttacctttcttggcattggtaacttgcagtatccaaatg 
taatggccaaactccaagatgaggtaaattcgcttttacatttaggattgttatttttagaggcacgtgctt 
ctacatcttacaagttgcaaatgacttgtttcactcacttatggacaggctgatactgttctaggtgaccgt 
ttaccaacaattgaggatgtgaagaaattgaagtatactactagagtaattaacgaagtaagtgataaacag 
tgctacctcattaaacaatgagtatgatcactgaatgaatatgtcattcaatcaccacttttgcagtcattg 
agactctatccacagccaccagttttaattcgtcgctctattgaggaggatatgctgggagggtacccaatt 
ggccggtaaagaaaactctagcagaacttatttctcaagtgtaggaaatctctcctgtagtcctgttgactg 
ttgttacaattggaataggaaaacagaaagatcatgcctagtatcacaccagtaaagttctggtgaaactga 
gtctaagggcctctttatttaggcttaagtttattggtttagtattttaagtcagtttttttggcttatatg 
atttataagccaatggatttaaagtcctaagtttaatggtggagtcatacctctatctcacataagccaaaa 
aaccttttccaacctagcttttgtcttaatagtgtaacagttcgctgagccttaatagtgtaatagtggttt 
atggcttttaaaaaaaacatgcgaaaagctgtttgtttgtttaggcttagactttt cage t cat aagctggc 
ttataagcctaaacaaagagggcctaagatatgtgcaagtataagttatctaaccaatctttttttagagaa 
tatcttcccaatcttgtgtgatatatttttgtcttctgcttgtataccatttctggtcgtagctctagagta 
tttaattgtctgaattgttcctttttaaaaatttcagtacaaatttgaacttcacctataattctgataaga 
tattttttccctttgtttcccaggggagaagacattttcatatccgtgtggaacctacatcattgcccaaag 
cattgggatggtgcagatgtttttaatccagaaagatggcctttggatggaccaaatccaaatgaaacaaac 
caaaatttcaggttccatctctattaatgctatgaaatgcattagctctttatttggatgcaccttatcact 
ctaattcccccattttattagtttctgctttctactacaaaaatcagtagacatttgattatgctcggtata 
gttgtgttcttgtttgacgagaagtttgcgtttttacatctactaacactaagttatttggtcatgcgatgc 
acctgttgtaattattctagagataacaaaaacaaaaactctagctgattttcgttttcttctttgatgcaa 
atcatcaaattttcttcatgtgattcgtattaatttagtgctaatgctggcatgtgcatagccacaatctta 
gaaagtgcataaggcagtcacaacaacataaagaaaaatgggacctttttcttttgaagcagtaaagatgag 
ataactgtgatgacttgattcctaaatttatggttttgggagctaaaccacagtttatgacaatcatgttaa 
aatgatattcatatggctataagcaacatgtgccaaaatgctattgtactttcaaactgatagtgcttgaaa 
gtacttttcaactttaccacatcgccagaactgttaactggttacgcagaaacagtacttggaatagtaatt 
ttgtataaactgatagtatgtcgtatgagttccttacctgtagcaagtatgtcaacagcagaaccctttgta 
tggatcaacaaacatcagaggtgctttgaacaaaatccttacttgattagaagacgtaacaattcgtgccat 



Figure 27d 



cctgagttaatgaagacttccgactggactacaaacttcttccgtgttgcagtcttgcagggagttgatgca 
cggcataaaacctgtgacctgcaaatcatgttaattgaaaaacaaccaacgtatcatcaactataatgtaca 
gcaagtctcctaggcatcacactgaaacttaaaaatggtaatctgcatttacttggcacatgacatgtccca 
ttattttgtcagcttagattgaactcactgcggaacacatctttctttcaagacaacatccaaattattgat 
tttcagttggcatgtcaaactttttaagctccaattttaggctgtggtagctttcattctgtgtattgcggc 
tagcatctgttagctgtcactgcctcactggctaatttaatatatttgatgaatctacatagctaaatggga 
ctcacgtgttctgttgaattctcagttacttgccatttggtggcggaccaaggaaatgtgtaggtgacatgt 
ttgccactttcgaggtaatttgttttagtttttgaaggatttcttcttttaatttcaaaatgtcattttaag 
gaaacatagcaaacttatgtatggtccagtcttactgaaccttgttgccttgagccttctgttgtctaccat 
aaggacattatatctcatgccatgataaataatgtagtacaataactattgagcatgcaagattccaactct 
aataacatggatatgccggaacttgtatgcagactgtggtggcaactgcaatgcttgtcaggcgctttgatt 
ttcaaatggctccaggagctcctccggtataatttctgtctgcttcctggttcttcatagttatcaacatac 
agataatcactgtgaagtatcaatatgataggttgagatgacaactggagcaacgattcacacaactgaggg 
gttgaaaatgactgttactcggaggacaaagccacctgtaatcccaaacctagagatgaaagtcatttctga 
ttcaccagaaaacatgagtactactacatcaatgcccgtttctgctgctagtattgcttcaggagaagatca 

acaagggcaagtctcagcaactcgaatctga 



Figure 27e 

SEQ ID NO: 43: rice CYP97A Oryza sativa: 
atggcggctacctcctctgcggccgccgctgctccacctccgtgccgcttactcggctccggtcaggcacac 
ctgcgccttcctccttctgctgctgctgctgctgcttcagctcgtcgccgcctgctcctccgctgcgccgcc 
tcgggcggcaacgggaaaggcggtggtggcgacggctccggctccgacccggttcttgaggagcggcggcgg 
cggcgccaggctgagctggcggcgcgcattgcgtccggcgagttcaccgcccaaggccccgcgtggattgct 
cccctcgcggtggggcttgccaagctcggcccaccgggggagctcgccgccgcgctgctcaccaaggtcgcc 
ggtggcggcggaccggagataccgcaggcggtggggtctatgagtgcggtgacagggcaggctttcttcatc 
ccgctctatgatctcttccttacctatggcggcatctttcgcctcaatttcggccctaagtctttcctcatt 
gtctctgatccagctatagctaagcacatcctgagggacaactccaaggcttattccaagggtattctggca 
gaaattttagagtttgtgatgggtacgggtttgatccctgctgatggggagatttggcgtgttaggaggcgc 
gccattgtaccagcaatgcaccagaagtacgttaccgcaatgataagtctcttcggatatgcttcagatcgg 
ctctgccagaagttggacaaggcagcaacggatggggaggatgtggagatggaatctttgttctctcgacta 
acactggatgtcattgggaaggcagtcttcaattatgatttcgactcattgtcttacgataatggaatagtt 
gaggcagtgtatgtgacactgcgagaagcagaaatgcggagcacttctcctataccaacttgggaaataccc 
atatggaaagatatttccccgcggcagaagaaggtcaatgaagctcttgcgctgataaataagactcttgat 
gaactaattgacatctgcaagagattggtcgaggaagaagatctgcagtttcatgaagaatacatgaatgag 
caagaccccagtatcctccactttcttttggcatctggagatgatgtctccagcaagcaactccgtgatgat 
ctgatgacaatgctcattgctggccatgagacctctgcagcagtcttgacatggacattttatcttctatct 
aagtatccaaatgtaatggccaaactccaagatgaggctgatactgttctaggtgaccgtttaccaacaatt 
gaggatgtgaagaaattgaagtatactactagagtaattaacgaatcattgagactctatccacagccacca 
gttttaattcgtcgctctattgaggaggatatgctgggagggtacccaattggccggggagaagacattttc 
atatccgtgtggaacctacatcattgcccaaagcattgggatggtgcagatgtttttaatccagaaagatgg 
cctttggatggaccaaatccaaatgaaacaaaccaaaatttcagttacttgccatttggtggcggaccaagg 
aaatgtgtaggtgacatgtttgccactttcgagactgtggtggcaactgcaatgcttgtcaggcgctttgat 
tttcaaatggctccaggagctcctccggttgagatgacaactggagcaacgattcacacaactgaggggttg 
aaaatgactgttactcggaggacaaagccacctgtaatcccaaacctagagatgaaagtcatttctgattca 
ccagaaaacatgagtactactacatcaatgcccgtttctgctgctagtattgcttcaggagaagatcaacaa 

gggcaagtctcagcaactcgaatctga 

SEQ ID NO: 44: CYP97A barley Hordeum vulgare: 
tcggcacgagggcaggccgtcgggtcgctggcttccgtcgccggggaggccttcttcctgccgctctacgac 
ctcttcctcacctacggcggcgtcttccgcctcaacttcgggcccaagtctttcctcatcgtctctgatccg 
gatgtagctaagcatatcctcagggacaactcaaaggcttattccaagggtatccttgcggaaatactggag 
tttgtgatgggcacaggtctgatcccggctgatggggaggtctggcgtgttcgacggcgtgccattgtacca 
gcattgcatcagaagtacgtgacagcgatgataggtctctttggaaacgcttcagaccggctctgccagaag 
ctcgacaaggctgcttcggacggggaggatgtggagatggaatctctcttctcccgactaacgctggatgtc 
atcgggaaggcggtgttcaattatgattttgattcattatcttacgataatggaatagttgaggctgtgta 
tgtaacactgcgggaagcagaaatgcggagtacatctcctattccaacatgggaaatacccatatggaaag 
acatctcccctcggcagaggaaggtcaatgaagcgcttgcactgataaataatattctcgatgaactaatt 
gctacgtgcaagaggatggtagatgaagaagatctgcagtttcatgaggaatacatgaatgagaaagaccc 
tagtattcttcactttctattggcatctggagatgatgtgtccagcaagcagctccgtgatgacctgatga 
caatgctcatagctggccatgagacctctgcagcagtcttgacatggacattttatcttctatctaagtat 
cccaacgtaatgtccaagctccaagctgaggctgatgctgttctaggagatggtctgccaacaattgatga 
tgtgaagaaactgaagtatactactcgagttattaatgaatctttgagactatacccacagccgccagttt 
taattcgccgctcccttgaggatgatatgctaggagagtacccgatcggcaagggagaagatatttttatat 
ccatctggaaccttcatcgctgcccaaagcattgggatgacgcggatgttttcaatccggaaaggtggcctt 
tggacggaccgaatccaaatgagacaaaccaaaaattcagttacttgccatttggtggcggaccaaggaaat 
gtgtaggtgatatgtttgctacttttgagactgtggtagcaacagcaatgcttgtcaagcgatttgattttc 
agatggctccaggagcacctccggtcgagatgacaaccggagcaacgattcacacaactaagggactgaaca 
tgactgttactcggaggataaagccacctgtaattccaaacttagagatgaaaatcgtttccgatccagaag 
gaagcacaagttctactgcgtcagtggctgtttctactgctagtattgcatccggagaaggtcaacaagtgg 

aggtgtcgacaagtcaagtgtga 



Figure 27 f 

SEQ ID NO: 45: soybean CYP97A Glycine max: 
gggaaagggcttatcccagctgatggtgaaatatggcgagttagacgtcgtgctatagtcccagcattgcac 
cagaagtatgtagcagctatgattggccttttcggacaagctgcagataggctctgccagaagctagatgct 
gctgcatccgatggagaagatgttgagatggaatcacttttctctcgattgaccttggacatcattggcaag 
gcagtattcaattatgattttgatagtttatcaaatgacactggtatagttgaggctgtttatactgtactg 
agagaagcagaagatcgaagtgttgctccaattccagtctgggagatcccaatatggaaagacatat caeca 
cgtctaaggaaggttaatgcagctctcaaattcatcaatgatacgcttgatgatctgatagcaatatgcaag 
agaatggtggatgaagaagagttacagtttcatgaggagtacatgaatgagcaagatccaagtattctacac 
ttcttgttggcgtcaggagatgatgtgtcaagtaagcaacttcgtgatgacttaatgaccatgctcattgct 
ggacatgaaacatcagctgctgttttaacttggaccttttatcttctatccaaggagccaagagtcatgtcc 
aagctccaagaagaggttgactctgtacttggagatcaatatccaactatagaagacatgaagaaactcaaa 
tatacaacccgagtgatcaatgagtcattgaggctttacccacaaccacctgtgttaattcgccgctctctt 
gaggatgatgttcttggagagtaccctataaagagaggtgaagatatctttatatctgtatggaacctgcat 
cgcagtccaaaactatgggatgatgctgacaagtttaaacctgaaagatgggcattagatggaccaagtcct 
aatgagacaaatcaaaacttcaaatatcttccgtttggtggcggaccacggaaatgtgtaggtgatttgttt 
gcttcatacgagacggtagtagcactcgcaatgcttatgagacgattcaactttcaaatagcagttggagct 
ccaccggttgagatgactactggagctacaattcatacaacacaagggttgaagatgactgtaactcacaga 
ataaaacctcctattgtgccctcattacagatgtcaactttggaagtggatccatccataagcctttctgat 
caagatgaagtaagtcagaaaggcgaagtttaccaggctcaggctcagtcctaa 

SEQ ID NO: 46: wheat CYP97A Triticum aestivum: 
Ggctgcaggctgccgcaggcggtcgggtcgctggcgtccgtcgccggggaggccttcttcctgccgctctac 
gacctcttcctcacctacggcggcgtcttccgcctcaacttcgggcccaagtctttcctcatcgtctctgat 
ccggatgtagctaagcatatcctgagggacaactccaaggcttattccaagggtatccttgcggaaatattg 
gagtttgtgatgggcacaggtctgatcccggctgatggggaggtctggcgtgttcgacggcgtgccattgta 
ccagcattgcatcagaagtacgtgacagcgatgataggtctcttcggaaatgcttcagaccgtctgtgccag 
aagctggacaaggcggcatccgatggggaggatgtggagatggaatctctcttctctcgactaacgctggat 
gt cat cgggaaggcagtgttcaattatgattttgat teat tat cttacgataatggaatagttgaggctgtg 
tatgtaacattacgggaagcggaaatgcggagcacatctcctattccaacttgggaaatacccatatggaaa 
gacatctcccctcggcagagtgcccaaagcattgggacgatgcggatgttttcaatccagaaaggtggcctt 
tggacggaccgaatccaaatgagacaaaccaaaaattcagttatttgccatttggtggcgggccaaggaaat 
gtgtaggcgatatgtttgctacttttgagactgtggtggcaacagcaatgcttgtcaagcgatttgattttc 
agatggctccaggagcacctccggtcgagatgacaactggagcaacgattcacacaactaagggactcaaca 
tgactgttactcggaggataaagccacctgtaattccaaacttagagatgaaaatcgtttccgattcagaag 
gaagcacaagttctactgcgtcagtggctgtttctactgctagtattgcatccggagaaggtcaacaagtag 

aggtgtcgacaagtcaagtgtga 



Figure 27g 

SEQ ID NO: 47: tomato CYP97A Lycopersicon esculentum: 
caatttccaacacaccattactctaaatctagactcactctctcacctaaattcaagggtagtgtatcaaat 
tttacaattaggtgttctaattctaatggaaaacagcctgagtcggtagatgaaggagtcaaaaaggtggaa 
aagcttttagatgagaaaaggcgagctgaattatctgctcgtattgcttcaggcgaatttactgttgaacaa 
tctggcttcccgtcattgctcaaaaatggtttgtctaaattgggtgtaccaaaggaatttcttgagttcttc 
tctcgacgaacgggcaattatcctcgcattccagaggcaaaaggatccatcagtgctattcgggatgagcca 
ttcttcatgccgctttatgagctttaccttacttatggcggaattttccggttgatttttggtcccaagtct 
tttttaatagtttctgatccatcaatagccaaacacatactgaaagataattctaaggcttattctaagggt 
atcctagctgaaatattggactttgtgatgggaaagggacttatacctgcagatggagaaatttggcgcgtc 
aggcggcgtgccattgtaccagcattgcaccaaaagtacgtagcagctatgattggcttatttggaaaagca 
accgataggttgtgcaaaaagcttgatgttgctgcaactgatggagaagatgtagagatggaatcacttttc 
tcccgtctaacattggacatcattggcaaagctgtatttaattatgattttgactctttaactgtagatact 
ggtatcgtggaggctgtatatacagtacttagagaagcagaagatcgtagtgttgcaccaattccagtttgg 
gagttgcctatctggaaagatatctctccgaagctaaaaaaggttaatgcagctctcaagttgattaatgac 
acattggatgatctgattgctatatgtaagaggatggtagacgaagaagagttgcagtttcacgaggaatac 
atgaatgaaaaagatcctagcatcctccatttcttgttagcatctggagatgaggtctcaagcaagcaactt 
cgtgatgacctcatgacaatgcttatagcgggacatgaaacatctgcagcagtgctcacatggaccttttat 
ctgttgtccaaggaacctagtgtcatggccaagcttcaagatgaggtcgattcagttctaggggataggtta 
ccaaccattgaagatctaaagaaactcagatacacaactcgtgtgattaatgagtctttaagactatatcca 
cagccaccagtcttgattcgtcgttctattgaagaggacgtagttggaggttacccgattaaaaggggtgaa 
gacattttcatttctgtttggaacttgcatcgatgcccgaatcattgggaagaagccgatagattcaatcct 
gagaggtggccacttgatggacctaacccaaatgagacgaaccaaaatttcagttaccttcccttcggtggt 
ggaccaagaaaatgtgtgggagacatgtttgccacatttgagaatttagtagcagttgcaatgcttgttcaa 
cgatttgattttcaaatggctcttggagctcctcctgttaaaatgacaactggggctaccatccacaccaca 
gaaggattaaaaatgactgtaacacgaagatcaagacctccaatagttcccaacttggagatggcaacatta 

gaagtagat 

SEQ ID NO: 48: CYP97A like gene Chlamydomonas reinhardtii : 
gcgcgccgacgcgcagtggtgccagccctgcaccgcaagtacgtgatgtcgatggtggacatgttcggcgac 
tgcgcggcgcacggcgcgtccgccacactagacaagtatgccgcctcaggcaccagcctggacatggaaaac 
ttcttcagccggctgggtctggacatcatcggcaaggccgtgttcaactacgacttcgactcgctggcgcac 
gacgaccccgtcatccaggccgtgtacacgttgctgcgcgaagcggagcaccgctccacagcgcccatcgcc 
tactggaacattcccggcatccagtttgtggtgccgcggcagaagcgctgccaggaggcgctggtgctggta 
aatgagtgcctggacggcctcatcgacaagtgcaagaagctggtcgaggaggaggacgcggtgtttggggag 
gagttccttagcgagcgcgacccctccatcctgcacttcctcctcgcgtctggagacgagatttcctcgaag 
cagttgcgcgatgacctgatgactatgctgattgcggggcacgagaccaccgccgccgtgctgacgtggacg 
ctgtacctgctgtcccaacaccccgaggcggcagcggccatccgcaaggaggtagacgagctccttggggac 
cgcaagcccggggtggaagacctcagagcgctcaagatgacgactcgcgtcatcaacgaggcgatgcggctc 
tacccacagccgccagtactcattcgccgcgcgctgcaggacgaccacttcgaccagttcacggtgccggcc 
ggcagcgacctgttcatcagcgtgtggaacttgcaccgcagccctaagctgtgggacgagcccgacaagttc 
aagccggagcgcttcggaccgctggacagccccatccccaacgaggtgactgaaaacttcgcctacctgccc 
tttggcggtggccgccgcaagtgcattggcgaccagttcgctttgttcgaggcggttgttgcgctggccatg 
ctgatgcggcgatacgagttcaacctggacgagtccaaggggacagtgggcatgacaacaggtgccaccatc 

cacaccaccaacggtctaaac 



Figure 28 

SEQ ID NO: 49: CYP97B3 Arabidopsis thaliana: 
MAFPAAATYPTHFQGGALHLGRTDHCLFGFYPQTISSVNSRRASVSIKCQSTEPKTNGNILDNASNLLTNF 
LSGGSLGSMPTAEGSVSDLFGKPLFLSLYDWFLEHGGIYKLAFGPKAFWISDPIIARHVLRENAFSYDKG 
VLAEILEPIMGKGLIPADLDTWKLRRRAITPAFHKLYLEAIWKVFSDCSEKMILKSEKLIREKETSSGEDT 
IELDLEAEFSSLALDIIGLSVFNYDFGSVTKESPVIKAVYGTLFEAEHRSTFYFPYWNFPPARWIVPRQRK 
FQSDLKI INDCLDGL I QNAKETRQETDVEKLQERDYTNLKDAS LLRFLVDMRGVD IDDRQLRDDLMTML I A 
GHETTAAVLTWAVFLLSQNPEKIRKAQAEIDAVLGQGPPTYESMKKLEYIRLIWEVLRLFPQPPLLIRRT 
LKPETLPGGHKGEKEGHKVPKGTDIFISVYNLHRSPYFWDNPHDFEPERFLRTKESNGIEGWAGFDPSRSP 
GALYPNEIIADFAFLPFGGGPRKCIGDQFALMESTVALAMLFQKFDVELRGTPESVELVSGATIHAKNGMW 

CKLKRRSK 

SEQ ID NO: 50: pea CYP97B1 and CYP97A2 Pisum sativum: 
MVAAPISTVKLTDANLHTRFHSSSSSTPSTLSLPLSLHFHFSSHSKRFSSIRCQSVNGEKRKQSSRNVFDN 
ASNLLTSLLSGANLGSMPIAEGAVTDLFDRPLFFSLYDWFLEHGSVYKLAFGPKAFVWSDPIVARHILRE 
NAFSYDKGVLADILEPIMGKGLIPADLETWKQRRRVIAPGFHTSYLEAMVQLFTSCSERTVLKVNELLEGE 
GRDGQKSVELDLEAEFSNLALEIIGLGVFNYDFGSVTNESPVIKAVYGTLFEAEHRSTFYIPYWKFPLARW 
IVPRQRKFQDDLKVINTCLDGLIRNAKESRQETDVEKLQQRDYSNLKDASLLRFLVDMRGVDVDDRQLRDD 
LMTMLIAGHETTAAVLTWAVFLLAQNPDKMKKAQAEVDLVLGMGKPTFELLKKLEYIRLIWETLRLYPQP 
PLL I RRSLKPDVLPGGHKGDKDG YT I PAGTDVF I S VYNLHRS P YFWDRPND FE PERFLVQNNNEEVEGWAG 

FDPSRSPGALYPNEIISDFAFLPFGGGPRKCVGDQFALMESTVALVCCYRISMWN 

SEQ ID NO: 51: soybean CYP97B2 Glycine max: 
MSVDTSSTLSTVTDANLHSRFHSRLVPFTHHFSLSQPKRISSIRCQSINTDKKKSSRNLLGNASNLLTDLL 
SGGSIGSMPIAEGAVSDLLGRPLFFSLYDWFLEHGAVYKLAFGPKAFVWSDPIVARHILRENAFSYDKGV 
LADILEPIMGKGLIPADLDTWKQRRRVIAPAFHNSYLEAMVKIFTTCSERTILKFNKLLEGEGYDGPDSIE 
LDLEAEFSSLALDIIGLGVFNYDFGSVTKESPVIKAVYGTLFEAEHRSTFYIPYWKIPLARWIVPRQRKFQ 
DDLKVINTCLDGLIRNAKESRQETDVEKLQQRDYLNLKDASLLRFLVDMRGADVDDRQLRDDLMTMLIAGH 
ETTAAVLTWAVFLLAQNPSKMKKAQAEVDLVLGTGRPTFESLKELQYIRLIWEALRLYPQPPLLIRRSLK 
SDVLPGGHKGEKDG YAI PAGTDVF I S VYNLHRS P YFWDRPDDFEPERFLVQNKNEE I EGWAGLDPSRS PGA 
LYPNEVISDFAFLPFGGGPRKCVGDQFALMESTVALTMLLQNFDVELKGTPESVELVTGATIHTKNGLWCN 

LRKRSSLH 

SEQ ID NO: 52: rice CYP97B4 Oryza sativa: 
IVIAAAAAAAVPCVPFLCPPPPPLVSPRLRRGHVRLRLRPPRSSGGGFTGGGGAGGDEPPITTSWVSPDWLTA 
LSRSVATRLGGGDDSGIPVASAKXDDWDLLGGALFLPLFKWFREEGPVYRLAAGPRDLVWSDPAVARHV 
LRGYGSRYEKGLVAEVSEFLFGSGFAIAEGALWTWRRSWPSLHKRFLSVMVDRVFCKCAERLVEKLETS 
ALSGKPVNMEARFSQMTLDVIGLSLFNYNFDSLTSDSPVIDAVYTALKEAELRSTDLLPYWKIDLLCKIVP 
RQIKAEKAVNIIRNTVEDLITKCKKIVDAENEQIEGEEYVNEADPSILRFLLASREEVTSVQLRDDLLSML 
VAGHETTGSVLTWTIYLLSKDPAALRRAQAEVDRVLQGRLPRYEDLKELKYLMRCINESMRLYPHPPVLIR 
RAIVDDVLPGNYKIKAGQDIMISVYNIHRSPEVWDRADDFIPERFDLEGPVPNETNTEYRFIPFSGGPRKC 
VGDQFALLEAIVALAWLQKMDFTIELVPDQKINMTTGATIHTTNGLYMNVVNIGVQVDEARKHGYNSFIV 

YG YTL YAY I S PR I WS AMPVL 



Figure 29a 

SEQ ID NO: 53: CYP97B3 in Arabidopsis thaliana: 
atggcttttcctgccgctgctacttatcccacccatttccaaggcggcgctcttcatctgggtaggaccgat 
cattgcctcttcggtttctaccctcaaaccatttcctctgtgaattctcggagagcttctgtttccatcaag 
tgccaatctacggagccaaagacgaatggtaacatattggacaatgcgagcaaccttttgacaaatttttta 
agtggtggaagtttggggtcaatgcctactgctgaaggctctgtctctgatttgtttggaaagcctctcttt 
ttatctctttacgactggttcttggagcatggaggaatttataaacttgcgtttggtccaaaagcctttgtt 
gtcatctcagatcccattattgcaaggcatgtcctccgggaaaatgctttttcttatgacaagggagttctt 
gctgagatcttagagccgattatgggaaaagggttaataccggctgatctagatacgtggaagttaagaaga 
agagctatcactcccgcattccataaattgtatctagaggccatggtcaaagtatttagtgactgttcggag 
aaaatgatattgaaatctgagaaactcataagggagaaagaaacttcaagcggggaggacaccattgagttg 
gatctggaagcagaattctcgagtctggctcttgatattataggtcttagcgtgttcaactacgattttggc 
tctgtcacaaaagagtcccctgtgatcaaggcagtttatggaactcttttcgaggcagagcatcggtctact 
ttctacttcccttattggaactttcctccagctagatggatagttccgaggcaacgaaagttccaaagcgat 
ctgaagattataaacgattgccttgatggcctcattcaaaatgctaaagagacaagacagcaggaaacagat 
gttgagaagctccaggaaagggactacactaatctcaaggatgcaagtcttttgcggttcttagtcgatatg 
cgcggtgttgacattgatgaccggcagctgagggatgacttgatgactatgctaattgctggtcatgagaca 
acagcagcagtacttacttgggctgttttccttctgtcacaaaatcctgaaaaaattaggaaagctcaagct 
gagattgatgctgtgcttggtcaaggtccacccacttatgaatcaatgaaaaagctcgagtacatacgactg 
atcgttgtagaagtccttcgtctctttcctcagccacctttgctcatcagacgcactctcaaaccagaaaca 
ttacccggtggacacaaaggggaaaaagaaggtcataaagttccaaaagggactgatatcttcatttctgta 
tataatctccatagatctccatacttttgggataatccccacgattttgagcctgagaggtttttaagaaca 
aaggagagcaatggaattgaaggatgggctggctttgatccatctcgtagccccggggcactatatccgaat 
gagataatagcagactttgcattcttaccatttggtggaggaccaagaaaatgcattggagaccagtttgca 
ctaatggaatcgaccgtcgcactagctatgttgtttcagaaattcgatgtggagctgcgtggaacgccagaa 
tctgttgaactcgtgagcggcgcaacgattcatgccaaaaatgggatgtggtgcaaactaaagagaagatca 

aagtga 

SEQ ID NO: 54: CYP97B1 and CYP97A2 for Pisum sativum: 
catcacttaccactaactgaaacttgcaagcaccattctcaacttaacaccgtcgtcaccgccatggttgc 
cgcccctatctcaaccgtcaaacttaccgatgccaatcttcacaccagatttcattcctcttcttcttcta 
caccatccaccctcagtcttccactctctcttcattttcacttttcttctcactccaaacgcttttcttct 
atcagatgtcaatcggttaatggtgaaaagcgaaaacaaagtagtagaaatgtgtttgacaatgctagcaa 
cctccttacaagcttgttaagtggtgcaaatttagggtccatgcccatagctgaaggtgccgtcacagatc 
tgtttgaccggccgctgtttttctcactatatgattggttcttagagcatggttctgtgtataaactggcg 
tttggaccgaaagcatttgttgttgtatcagatcccattgttgcaagacatattctgcgagaaaatgcatt 
ttcttatgacaagggagtacttgctgatatcctagaaccaattatgggaaaaggactcatacctgcagacc 
ttgagacatggaagcaaaggagaagagtgattgctccgggtttccatacctcatacttggaagctatggta 
caactattcacttcatgttcagaaagaactgtgttaaaggtcaatgagcttcttgaaggagaggggcgtga 
tggacagaagtcagttgaattggaccttgaggcagaattttcaaatttggctcttgagattattgggctag 
gtgtgttcaactatgactttggttctgtcaccaatgaatctcccgttattaaggctgtctatggcactctt 
tttgaagccgaacatagatccactttctatattccatattggaaatttccattagcaaggtggattgtgcc 
caggcaaaggaagtttcaggatgaccttaaagtcattaatacttgtcttgatggacttatcagaaatgcaa 
aagagagcaggcaggaaacagatgttgagaaactgcagcaaagggattactcaaatttgaaggatgcaagt 
cttctgcgtttcctagttgatatgcggggagttgatgttgatgatcgtcagttgagggatgatttaatgac 
aatgcttattgctggtcatgagacgacggctgcagttcttacatgggcagttttcctgctagctcaaaatc 
ctgacaaaatgaagaaggctcaagcagaggtagatttggtgctggggatggggaagccaacttttgaattg 
cttaaaaagttggagtacattaggttaattgttgtggagactcttcgattatatccacaaccacctctgct 
gattagacgttcactcaaacctgatgttttgccaggtggacataaaggtgacaaagatggttatacaattc 
ctgctgggactgatgtcttcatttctgtatataatctccatcgatctccatatttttgggaccgccctaat 
gacttcgagcctgaacgatttctagtgcaaaacaataatgaagaagttgaagggtgggctggttttgaccc 
atctcgaagtcctggagccttgtatccaaacgagattatatcagattttgcattcttgccttttggtggtg 
gaccacgaaaatgcgttggagaccaatttgctctcatggaatccactgtagcgctagtatgctgctacaga 
atttcgatgtggaactgaaggggacccctgaatcggttgaactagttactggggcaactatccataccaaa 
aatggattgtggtgcaatttgaggaagagatctagtttacattgacatgttaactgcaacatttttcttat 
gcagaatgatgtacaaaatatttatcatttaaaatgacattaacattgaatagtgtctaatacagctaaag 

ggtatttac 



Figure 2 9b 

SEQ ID NO: 55: soybean CYP97B2 Glycine: 
atgagtgtcgacacttcctccaccctctccaccgtcaccgatgccaatcttcactccagatttcattctcg 
tcttgttccattcactcatcatttctcactttctcaacccaaacggatttcttcaatcagatgccaatcaa 
ttaataccgataagaagaaatcaagtagaaatctgctgggcaatgcaagtaacctcctcacggacttatta 
agtggtggaagtatagggtctatgcccatagctgaaggtgcagtctcagatctgcttggtcgacctctctt 
tttctcactgtatgattggttcttggagcatggtgcggtgtataaacttgcctttggaccaaaagcatttg 
ttgttgtatcagatcccatagttgctagacatattctgcgagaaaatgcattttcttatgacaagggagta 
cttgctgatatccttgaaccaataatgggcaaaggactcataccagcagaccttgatacttggaagcaaag 
gagaagagt cat tgctccggctttccataac teat act tggaagctatggttaaaatattcacaacttgtt 
cagaaagaacaatattgaagtttaataagcttcttgaaggagagggttatgatggacctgactcaattgaa 
ttggatcttgaggcagagttttctagtttggctcttgatattattgggcttggtgtgttcaactatgactt 
tggttctgtcaccaaagaatctccagttattaaggcagtctatggcactctttttgaagctgaacacagat 
ccactttctacattccatattggaaaattccattggcaaggtggatagtcccaaggcaaagaaagtttcag 
gatgacctaaaggtcatcaatacttgtcttgatggacttatcagaaatgcaaaagagagcagacaggaaac 
agatgttgagaaattgcagcagagggattacttaaatttgaaggatgcaagtcttctgcgtttcctggttg 
atatgcggggagctgatgttgatgatcgtcagttgagggatgatttaatgacaatgcttattgccggtcat 
gaaacaacggctgcagttcttacttgggcagttttcctcctagctcaaaatcctagcaaaatgaagaaggc 
tcaagcagaggtagatttggtgctgggtacggggaggccaacttttgaatcacttaaggaattgcagtaca 
ttagattgattgttgtggaggctcttcgtttatacccccaaccacctttgctgattagacgttcactcaaa 
tctgatgttttaccaggtgggcacaaaggtgaaaaagatggttatgcaattcctgctgggactgatgtctt 
catttctgtatataatctccatagatctccatatttttgggaccgccctgatgacttcgaaccagagagat 
ttcttgtgcaaaacaagaatgaagaaattgaaggatgggctggtcttgatccatctcgaagtcccggagcc 
ttgtatccgaacgaggttatatcggattttgcattcttaccttttggtggcggaccacgaaaatgtgttgg 
ggaccaatttgctctgatggagtccactgtagcgttgactatgctgctccagaattttgacgtggaactaa 
aagggacccctgaatcggtggaactagttactggggcaactattcataccaaaaatggaatgtggtgcaga 

ttgaagaagagatctaatttacgttga 



Figure 30 

SEQ ID NO: 56: novel cytochrome P450 monooxygenase diatom CYP97B 

Skeletonema costatum: 
MASYESDLLSTWDEDPSLQKGFDWEIEKLRRYFAGLRQTPDGRWVRKSTLFEFLVTNSPSKWGVGPDGER 
YESPPKPVNIFDVGVLVGKNTLTWLGFGPNLGMAAVPDAVIQKYEGSFFTFIKGALGGDLQTLAGGPLFLL 
LAKYYTDHGP I FNLS FGPKS FLVI SDPVMARHI LRDS S PEQYCKGMLAE I LE PIMGDGL I PADPKI WKVRR 
RAWPGFHKKWLNSMIGLFGDCGDRLVDDLEKRSTSDKPVIDMEERFCSVTLDIIGKAVFNYDFGSVTKES 
PIVKAVTRVLREAEHRSSSFIPYWNLPYAEKW1WGQVEFRKDMGMLDDILAKLINRAVETRQEATVEELEE 
RETSDDPSLLRFLVDMRGEDLTSKVLRDDLMTMLIAGHE 

GNKS RPD YDD WAMKKLR YAL I EALRL YPE PP VL I RRARQEDTL P PGGTGLSGG VKVLRGTD I F I S TWNLH 
RAPEYWENADKYDPTRWERPFKNPGVKGWNGYDPEKQSSQSLYPNEITSDYAFLPFGAGKRKCIGDQFAML 
EASVTLSMIMNKFDFTLVGTPEDVGMKTGATIHTI^GLNMMVSPRSETNPIPGTNEWWTKQHLMRGLSSTG 

- RPYTSDEDAAWTTSANGMRP 



Figure 31 

SEQ ID NO: 57: novel cytochrome P450 monooxygenase diatom CYP97B 

Skeletonema costatum: 
atggcctcctacgagagtgatctgctctcaacatgggatgaagatccatcgctgcaaaaggggtttgactg 
ggagattgaaaagctccgtcggtactttgccggactgcgtcaaacaccagacgggcgatgggtgcgcaagt 
cgacactgtttgagtttcttgtgacaaactctccaagtaaagtagttggggtaggtccggatggggaacgg 
tatgaaagccctccgaaaccagtcaatatcttcgatgtgggagtgttagtcggtaagaatacactcacttg 
gttgggatttggaccgaatttgggtatggccgcggtacccgatgcagtcattcaaaagtatgagggtagct 
tcttcacctttatcaagggagcattggggggtgatttgcaaactttggcgggtggtcctttgttcttattg 
cttgccaagtattatacggatcatggacccattttcaacttgagttttggaccaaagagctttttggtgat 
ttcggatcctgttatggcgaggcatattttgagggatagttcaccggagcagtattgtaagggaatgcttg 
cggagattttggaaccgatcatgggtgatggattgattcctgcagatccaaagatttggaaggttcgtcga 
agagctgtcgtacctggtttccacaaaaagtggctgaacagcatgattggtttgttcggagactgtggtga 
tcgtctcgttgacgatctagaaaagcgttctacttcagataaacctgtaattgacatggaagaacgattct 
gttccgtcacactcgatatcatcggtaaggcagtattcaactatgattttggatcagtgacaaaggaatca 
cctattgtaaaggcagtatacagagtgttacgtgaggcggagcacagatcatcttcgttcatcccctactg 
gaacttgccttatgctgagaaatggatggtaggacaggttgaattccgcaaagatatgggaatgcttgacg 
atatcttggcaaaactgatcaatcgtgctgttgagactaggcaagaagctactgtcgaagagttggaagag 
agagaaacaagcgatgatccgagtctcttaaggttccta'gttgatatgaggggagaagatttaacgagtaa 
agtgttgagagatgatttgatgacaatgcttattgcaggacatgaaacaacagcggcaatgctgacgtgga 
caatgtttgggctagtaagcaacgatcctggcatgatgaaggaaatccaggcagaagttcgaactgtcatg 
ggcaataagtctcgaccagattacgatgatgttgtggcgatgaaaaagttgaggtatgctttgattgaagc 
acttcgattatatcccgagccacccgtgttgattcgcagggcaaggcaagaggacactcttccaccaggtg 
gtacgggtctttctggaggtgtcaaagtattgcgtggaacagatatctttatttctacttggaaccttcac 
cgcgctccagaatactgggagaatgcagacaaatatgaccctactcgatgggagcgtccgttcaaaaaccc 
aggtgttaagggttggaatggatatgatccggaaaaacaatcatctcaatcactttatcctaacgagataa 
cgtcagactatgctttccttccttttggtgctgggaagagaaaatgtatcggggatcagtttgctatgctc 
gaggcttcggttacactatcgatgattatgaataaatttgacttcacgttggtcggtacccctgaagatgt 
cggcatgaagaccggagcaactattcataccatgaatgggctcaacatgatggtcagccctcgatcagaga 
caaacccgattccagggacaaatgagtggtggacgaaacaacatctaatgagaggtttgagttctactgga 
agaccatacacttccgatgaagatgccgcgtggacgacatccgctaatggcatgagaccgtga 



Fig. 32 

single knockout mutant CYP97A3 Arabidopsis thaliana 
(SALK 116660) : 



